ABSTRACT The ear borer Mussidia nigrivenella Ragonot is a polyphagous insect pest that feeds on various cultivated and wild plants. Surveys in four agro-ecological zones of Benin, conducted between 1993 and 1997, revealed Ϸ20 plant species from 11 plant families hosting the borer, but only 13 host plants enable the borer to develop to the pupal stage. Whereas, a maize crop usually supports one generation per season, several generations of M. nigrivenella were recorded on Parkia biglobosa (Jacq.) Benth. and Gardenia spp. Agro-ecological variation in the availability of wild host plants was noticed. The high abundance of wild hosts in the Guinea Savannas reßects the diversity of the natural ßora in these zones. This abundance of M. nigrivenella host plants, coupled with their overlapping fruiting periods may be the main reason for the high pest densities on maize, although only one maize crop per year is grown in the Northern Guinea savanna. In a Þeld experiment, the highest infestation levels and densities of M. nigrivenella occurred on Canavalia enseiformis (L.) DC. and Mucuna pruriens DC., two popular cover crops in West Africa. Maize and cotton were about equally suitable hosts. Thus, fruiting periods of C. enseiformis and M. pruriens should not precede that of maize, to avoid emerging M. nigrivenella populations shifting from the cover crops to maize.
IN WEST AFRICA, Mussidia nigrivenella Ragonot has been frequently reported as a pest of maize [ Zea mays L. (Poaceae)] (Atachi 1987 , Moyal 1988 , Bosque-Pé rez and Mareck 1990 , Moyal and Tran 1991 , Shanower et al. 1991 , Gounou et al. 1994 and cotton [Gossypium hirsutum L. (Malvaceae)] (Staeubli 1977 , Silvie 1990 ). M. nigrivenella has been reported as a maize pest from western African countries only. Although more than half of the ears in the Þeld are usually infested by the borer (Whitney 1970 , Sé tamou 1996 , reported yield losses varied only from 5 to 15% (Moyal and Tran 1991, Sé tamou et al. 2000) . M. nigrivenella damage, however, predisposes maize to preand postharvest infestations by storage beetles, Aspergillus flavus Link ex Fries infections and subsequent aßatoxin contamination (Sé tamou et al. 1998 ). In addition, damaged ears are not selected by farmers as a seed source (Moyal and Tran 1991) .
Mussidia nigrivenella infestation and damage vary greatly with agro-ecological zone (Sé tamou 1996) . Contrary to stem borers, which are more damaging in the forest and the derived forest zones in West Africa (Bosque-Pé rez and Mareck 1990, Gounou et al. 1994) , M. nigrivenella is more damaging in the Guinea savannas (Moyal and Tran 1991, Sé tamou 1996) . Sé tamou (1996) suggested that variation in borer population densities is a result of host plant availability and suitability. M. nigrivenella is known to be polyphagous. In addition to maize and cotton, it has been found on stored cocoa, Phaseolus beans, and on pods and fruit of a few wild tree species (see overview by Moyal 1988) . It is clear, however, that the existing lists of host plants of the borer are less than exhaustive. Moreover, the role of these various alternate host plants for the colonization of maize Þelds by M. nigrivenella is largely unknown. The objectives of the current study were to catalog the host plant complex of M. nigrivenella and to establish its role in population dynamics of the pest across several agro-ecological zones in Benin.
Materials and Methods
Host Plant Range. A preliminary 10-d survey on pod and fruit-bearing herbaceous plants and shrubs, sampled in a random manner, was carried out in Benin between August and October 1991. The only new hosts discovered were velvetbean Mucuna pruriens DC. (Fabaceae) and jackbean Canavalia enseiformis (L.) DC. (Fabaceae) (F.S. and S.G., unpublished data), two cover crops introduced to Africa during the last decade. Additional surveys conducted from July 1993 to December 1995 at 3 mo-intervals, concentrated mainly on tree and shrub species which were sampled in a random manner. Plant species with fruiting structures suspected to harbor M. nigrivenella, including known host plants (Moyal 1988) , were sampled. Whenever possible, a sample of 20 fruit per tree/shrub species was taken. From January 1996 to December 1997 the various host plants were surveyed at monthly intervals to study the occurrence of M. nigrivenella in the four agro-ecological zones of Benin, namely, from south to north, the Forest Savanna Mosaic, the Southern Guinea Savanna, the Northern Guinea Savanna, and the Sudan Savanna (Fig. 1) , with highest rainfall of 1400 mm in Forest Savanna Mosaic and lowest of 900 mm in Sudan Savanna. In the Forest Savanna Mosaic, the vegetation is poor and mainly anthropogenic, whereas a great diversity of wild plants are found in the other zones. These plants are however more abundant in the Guinea Savannas (Southern Guinea Savanna and Northern Guinea Savanna) than in the Sudan Savanna. All collected fruit were Þrst visually examined for eggs or Þrst-instar larvae of M. nigrivenella, and then dissected for borer collection. Because the immature stages are difÞcult to identify, eggs, larvae and/or pupae collected on the different hosts were brought to the laboratory. The eggs were incubated at 26 Ϯ 2ЊC and 65 Ϯ 5% RH, on moistened tissue paper until larval emergence. The emerged larvae as well as the collected larvae were reared on C. enseiformis pods, following the protocol developed by Sé tamou et al. (1999) . Species were identiÞed at the insect museum of the International Institute of Tropical Agriculture (IITA), Calavi, Republic of Benin, using the key of Moyal (1988) . The presence of an egg or larva on a plant does not necessarily indicate suitability of the host for completion of life cycle of an The phenology of the different plant species varied greatly with agro-ecological zone. Because of varying sampling procedures, larval densities among plant species could not be statistically compared.
Abundance Studies on Crops. M. nigrivenella infestations were followed on suitable host crops, i.e., maize, cotton, jackbean, and velvetbean from June to October 1995 in Þeld experiments conducted at the IITA station. Maize is the major staple food in Benin (Miracle 1966 , CIMMYT 1990 and cotton is the most important cash crop. Jackbean and velvetbean are green manure crops introduced to Africa in the last decade. Their role in improving soil fertility and controlling weeds is well documented (Vissoh et al. 1998 , and farmers in Benin are increasingly using these two cover crops (Vissoh et al. 1998) .
The experimental design consisted of a randomized block with three replications containing four plots each of 25 by 25 m. The distance between blocks was 4 m, and that between plots within a block 2 m. Each host plant was planted in early May 1995 at a density of 31,250 and 25,000 plant stands per hectare for maize and cotton, respectively, and a density of 16,500 plants per hectare for both jackbean and velvetbean. Maize and cotton crops received NÐPÐK (15Ð15-15) fertilizer at a rate of 200 kg/ha, 2 wk after planting.
For each crop, sampling started as soon as 50% of fruit were formed. The borer populations were monitored at weekly intervals until harvest. A systematic sampling procedure was used. Each plot was divided into four sectors, and Þve fruit were collected at random per sector. The percentage of fruit infested with all stages of M. nigrivenella in the sample and the mean number of borers per fruit were calculated for each host plant on each sampling date.
The effect of host plant on M. nigrivenella infestation levels was evaluated using the closed testing procedures (Hochberg and Tamhane 1987) . The percentage of fruit infested for each host plant species were ranked within sampling date. A chi-square test was then applied on the total sum of ranks of each host plant, to evaluate independence of M. nigrivenella infestations according to host plant using the PROC FREQ procedure (SAS Institute 1990). For assessment of the effect of host plant on the total densities of M. nigrivenella, the borer-days (deÞned as the sum of mean numbers of borers/plant observed on consecutive sampling dates multiplied by the days between samples, over the total sampling period days) was calculated. This measure was preferred to the borer numbers because both borer densities and duration of infestation are reßected (Yaninek et al. 1990 , Schulthess et al. 1991a . A t-test with Bonferroni probability adjustment was used to compare the M. nigrivenelladays between the different host plants using the LSMEANS procedure (SAS Institute 1990). M. nigrivenella-days were log-transformed to stabilize variance before analysis (Zar 1974) .
Results

Host Range and Population Dynamics on Wild Host
Plants. M. nigrivenella was collected from 20 species of host plants in 11 families (Table 2 ). Approximately 70% of the host plants recorded were noncultivated species and major new alternative hosts were identiÞed. On Ͼ65% of the host species, almost all immature stages of M. nigrivenella were found (Table 3) . Only eggs were collected from Piliostigma thonningii (Schumach) Milne-Redh. (Caesalpiniaceae), and Sesbania exaltata (RaÞn) (Fabaceae) ( Table 3) . Only eggs and young instar larvae, but no older larvae and/or pupae, were found on fruit of Þve other plants, i.e., Detarium microcarpum Gill. & Perr. (Caesalpiniacae), Sterculia cordifolia (Cav.) R. Br. (Sterculiaceae), Psophocarpus tetragonolobus (L.) DC (Leguminoseae), Tephrosia candida (Leguminoseae) and Vigna unguiculata (L.) Walpers (Leguminoseae) ( Table 3) . Thus, these plants are unlikely to be major host plants of M. nigrivenella.
The presence and abundance of host plants varied greatly with agro-ecological zone. In the Forest Sa- Table 2 ). The highest diversity of host plants was encountered in the Guinea Savannas, with highest frequencies in the Northern Guinea Savanna. Further north, in the Sudan Savanna, both diversity and frequency of host plants declined but they were still considerably higher than in the Forest Savanna Mosaic ( Table 2) .
The relative importance of each host in supporting M. nigrivenella populations varied according to seasons (Table 3) . Observations on the fruiting periods of these host plants (Fig. 2) based on the 5-yr surveys from 1993 to 1997 showed that in the Forest Savanna Mosaic, suitable hosts were available from late June to early September, during the reproductive phase of the Þrst maize crop, and again from November until January, at and after maturity of both the second season maize crop and the cover crops. No suitable fruiting structures for the development of the borer were available between February and June. By contrast, in the Guinea Savannas suitable food sources were present throughout the year, but from August to October many host plants bearing fruit did not support larval development. In these zones, maize and Gardenia spp. were the main food sources of the borer during this period. In the Sudan Savanna, no food plant was available during the second part of the dry season, i.e., between January and April. Only Tamarindus indica L. (Mimosaceae) bore fruit (Fig. 2 ), but this host plant was relatively scarce. Both the proportion of tamarind trees infested and the percentage of fruit infested were Ͻ10% at any sampling occasion. Moreover, T. indica fruit supported only low M. nigrivenella larval populations (a maximum of 2Ð3 larvae per infested fruit) and very few pupae were collected on it (Table 3 ). Thus T. indica is unlikely to be a major host plant for M. nigrivenella.
Although several host plants were collected hosting the borer during the surveys, Þve species of wild host plants appeared to be important in harboring populations of M. nigrivenella. High percentage of M. nigrivenella infested fruit and high mean borer densities were recorded on P. biglobosa, A. digitata, X. americana, G. sokotensis, and G. ternifolia (Table 3) . These Þve host plants were mainly present in Southern Guinea Savanna, Northern Guinea Savanna, and Sudan Savanna (Table 2) . However, strong seasonal ßuc-tuations of M. nigrivenella populations could be observed (Table 3 ; Fig. 3) . Because of the similarities in the phenology of G. sokotensis and G. ternifolia, the data collected on these two plant species were pooled under Gardenia spp.
Across the three northern agro-ecological zones, borer population densities and infestation levels were comparable and followed the same seasonal pattern in each host plant. Thus, the data for each of the four host plants was pooled across the three agro-ecological zones. Additionally, a similar year to year variation in borer numbers and percentage fruit infestation was observed in all four host plants (Table 3 ; Fig. 3 aÐ d) .
On P. biglobosa, M. nigrivenella was found from March to early September (Fig. 3a) , corresponding with the fruiting period of the tree (Fig. 2) and the main rainy seasons in the respective agro-ecological zones. Borer populations gradually increased from the end of March to reach a maximum between July and August, and decreased thereafter. Likewise, the percentage of pods infested per tree increased from 10 to 20% in March to a maximum of 50 to 60% in August. Between June and September all P. biglobosa trees sampled in all zones were infested. Across the sampling period, percentage of infested trees ranged from 55 to 100%. On average, 82% of the trees and 40% of the fruit were infested by the borer. Up to 10 borers were found per pod (Fig. 3a) .
Gardenia spp. fruit were available throughout the year (Table 3 ; Fig. 2 ). However, both the percentage of fruit infested and the densities of M. nigrivenella per fruit varied considerably with season. During both years, fruit infestation ranged from 10 to 80%. Highest population densities were recorded in March, during the dry season, and lowest in July, during the rainy season in all of the agro-ecological zones where the plant was found (Fig. 2 and 3b) . Thereafter, pest densities started to increase, reaching a maximum in March of the following year. Infested Gardenia spp. fruit harbored substantially lower numbers of borers than fruit of P. biglobosa (Fig. 3b) , probably because of their smaller size. The percentage of infested Gardenia spp. trees varied from 20 to 76%, with the minimum infestation level occurring in July.
Fruit of X. americana and A. digitata were mainly found during the dry season (Fig. 2) but occasionally fruit of X. americana were also collected during the rainy season. In total, Ͼ70% of the A. digitata trees were infested, but the level of fruit infestation never exceeded 40% (Fig. 3c) . Highest borer densities were observed in February and March. Large baobab fruit hosted considerably high numbers of M. nigrivenella (Fig. 3c) . Intact fruit of X. americana were rarely observed. Because most of the X. americana trees were found in nature reserves, most likely the fruit had been partially consumed by monkeys and baboons. On intact fruit, percentage fruit infestation varied from 10 to 80%, with two peaks in both years, one in February and one in August and minima in June/July (Fig. 3d) . Among the Þve wild host plant studied in greater detail, X. americana had the highest number of M. nigrivenella per infested fruit (Fig. 3d) . Infestation in X. americana followed a similar pattern as in Gardenia spp. The proportion of infested X. americana trees ranged from 10 to 30%. Population Dynamics on Selected Crops. On each crop, M. nigrivenella densities per fruit as well as the percentage of fruit infested gradually increased over time ( Fig. 4a and b) . In general, two generations of M. nigrivenella were observed on the different host plants (Fig. 4a) . On maize, ear infestations occurred from soft dough stage until harvest. The percentage of ears infested increased within the Þrst 3 wk and then leveled off at 10% for 3 wk. Thereafter it rapidly increased to a maximum of 32%. The three other host plants set fruit Ϸ90 d after planting, and M. nigrivenella infestation started on 15-d-old fruit onward. On cotton and velvetbean, moderate infestation levels were observed with maxima at 30 and 35%, respectively. By contrast, on jackbean pods infestation levels were considerably higher and ranged between 10 and 77%.
There were signiÞcant differences between the sum of fruit infestation ranks (Table 4) of the different host plants ( 2 ϭ 65.33, df ϭ 6, P Ͻ 0.001). M. pruriens pods infestation was signiÞcantly higher than that of maize and cotton ( 2 ϭ 13.0, df ϭ 4, P Ͻ 0.05) but there were no signiÞcant differences among the sum of the infestation ranks of maize and cotton when tested alone ( 2 ϭ 5.6, df ϭ 3, P Ͼ 0.05). C. enseiformis had significantly higher pods infested compared with M. pruriens ( 2 ϭ 24.0, df ϭ 3, P Ͻ 0.001). Hence, the closed testing procedure showed that M. nigrivenella infestation was signiÞcantly highest on C. enseiformis, with highest levels at all sampling occasions (Table 4) .
The variation in the mean number of borers recorded per fruit followed a similar pattern as fruit infestation (Fig. 4b) . M. nigrivenella densities increased gradually with time on all host plants. On maize and cotton, maximum borer densities were low, with a mean of 1.5 and 1.1 borers per fruit, respectively. On velvetbeans, M. nigrivenella densities were moderate but higher than on maize and cotton. C. enseiformis hosted the highest borer densities per pod. The mean number of M. nigrivenella recorded per pod on C. enseiformis varied from 1.2 to 28.9 when most of the fruit were infested. SigniÞcant differences were observed when comparing borer-days on different host plants. Borer-days on maize (65.8) and cotton (64.6) were comparable and signiÞcantly lower than those observed on velvetbeans (165.5) and jackbeans (765.8) (F ϭ 1,704.3; df ϭ 3, 8; P Ͻ 0.0001). SigniÞcant relationships were obtained between the number of borers per fruit and the percentage of fruit infested per sampling date for each of the host plants (Table 5 ). The slopes of the regressions were signiÞcantly dif- ferent between host plants (t-test with Bonferroni probability adjustment, Table 5 ), with M. pruriens and C. enseiformis having the highest increase in borer densities per unit increase in the pod infestation.
Discussion
During this study, several new host plants for M. nigrivenella, including Gardenia spp., M. pruriens, X. americana, and A. digitata were identiÞed. All the wild trees/shrubs found hosting the borer are native to the West African region, and only the cultivated host plants are of exotic origin. Some of these native perennial host trees such as P. biglobosa, Butyrospermum parkii (G. Don) Kotschy (Sapotaceae), T. indica, and A. digitata are of economic and ecological importance in West Africa and are protected species. The leguminous Ôné ré Õ tree, P. biglobosa, is a nitrogen-Þxing species which improves soil fertility (Kessler 1992) . Fresh fruits of P. biglobosa are eaten; moreover, the inner yellow ßour of the fruits is mixed with water and used as a drink, and in some villages replaces sugar (M.S., unpublished data). The né ré kernels are fermented to make local mustard, used as a condiment throughout West Africa (Kessler 1992) . T. indica trees produce a very sour fruit, rich in vitamin C which is thought to be a good cure for colds (Grieve 1971) . The branches of the tree are gathered, boiled, and used as a medicine for fevers, rheumatism, and fatigue (Grieve 1971) . The baobab tree, A. digitata, Þgures in African mythology and is greatly revered. Often, local inhabitants make sacriÞces under this tree. Shoots of the tree are eaten in a smoked Þsh sauce and the white material around the seed is eaten (von Maydell 1990). The fruit of B. parkii is used to make soap and shea butter, the latter being the most important oil used in the Guinea Savannas (Kessler 1992) . These beneÞts accrue mostly to women who pick, process, and sell the by-products of these trees. Although P. biglobosa and C. enseiformis have been previously reported hosting M. nigrivenella (Moyal 1988) , their importance in the population dynamics of the borer was never studied. Eggs and young instar larvae of M. nigrivenella were also collected on fruit of several other plants, which because of the absence of older larvae and pupae appear to be nonhost plants. However, they may act as trap plants and thus contribute to a reduction of pest pressure on crops. Our observations reßect the polyphagous nature of M. nigrivenella. Other lepidopterous species such as females of Polygonia c-album L. and Cynthia cardui (L.) (both Lepidoptera: Nymphalidae) also discriminate little between hosts for oviposition (Janz and Nylin 1997) although the larvae feed only on speciÞc host plants. However, host plant selection in M. nigrivenella is not clearly understood at present. Because of their comparatively small size, Gardenia spp. fruit hosted relatively low numbers of M. nigrivenella. The yearround presence of Gardenia spp. fruit, coupled with the high percentage of fruit infested, emphasizes the importance of this shrub as a major reservoir of M. nigrivenella in Benin. Moreover, Gardenia spp. are commonly found in the natural vegetation of Benin, thus permitting high numbers of larvae to develop over a large area. X. americana and A. digitata bore fruit mainly during the dry season when most of the cultivated host plants were absent. Therefore, these wild hosts might play an important role in regulation of the borer populations. The leguminous species (cultivated and wild) hosted high M. nigrivenella densities (Fig. 3 and 4) and were by far the most frequently infested host plants compared with host plants of other plant families. P. biglobosa, a perennial leguminous tree, was rarely found noninfested by the borer and the long fruit harbored substantial numbers of M. nigrivenella.
Apart from maize, which is widely grown throughout the country, the availability and abundance of wild host plants and the two cover crops varied with agroecological zones. In the Forest Savanna Mosaic, no host plants were found between February and June.
This gap in suitable hosts may seriously affect M. nigrivenella populations, which may explain the low infestation levels and densities of the borer found on Þrst season maize in the Forest Savanna Mosaic, which matures between June and July (Sé tamou 1996). Most host species were collected in the Guinea Savannas. This diversity of the host plant complex in these zones, coupled with the overlapping fruiting periods, may permit a succession of generations throughout the year (see also Fig. 2 and 3) . Hence, M. nigrivenella populations in the Guinea Savannas may be maintained at high levels before the maize matures. For instance, maize becomes available as host plant just after the fruiting period of P. biglobosa (see Fig. 2 ). Thus, borer populations emerging from P. biglobosa fruit could shift to maize ears. This would explain the high borer infestation and damage levels on maize reported from the Guinea Savannas in several West African countries (Moyal and Tran 1991 , Gounou et al. 1994 , Sé tamou et al. 2000 .
The results of the on-station experiment showed that C. enseiformis is an excellent host for M. nigrivenella. Higher fruit infestation and borer densities on this host plant could be the result of either higher larval survival in C. enseiformis pods, or greater level of oviposition by the adult females compared with other host plant species. In the laboratory, Sé tamou et al. (1999) observed higher survival of M. nigrivenella larvae when reared on pods of C. enseiformis and M. pruriens pods compared with maize ears. With the actual practice of allowing the cover crops to mature and senesce in the Þelds, M. nigrivenella populations could greatly increase on these plants, thereby endangering the next maize crop. Hence, the on-going large-scale adoption of these crops by farmers in Benin (Vissoh et al. 1998 ) could change the pest status of M. nigrivenella in neighboring maize Þelds. Harvested seeds of jack-and velvetbeans can be used as fodder and for human consumption (Udedibie 1990 ). However, if properly managed, i.e., the fruiting period of the different crops coincide or pod setting of the cover crops starts after ear formation of maize, these cover crops could reduce M. nigrivenella load in maize Þelds by acting as trap crops.
Most of the previous studies on M. nigrivenella were restricted to cultivated crops (Moyal 1988 , Schulthess et al. 1991b , Silvie 1993 , which are only temporarily available as host plants. Results presented here show that research on wild host plants in the natural habitat of pest insects is of paramount importance for a comprehensive understanding of the biology and ecology of pests. The high diversity of wild host plants of M. nigrivenella, reported in this study, strongly suggests that the pest originates from West Africa. Relationship is arcsine ͌y ϭ a ϩ bx, where y ϭ percentage fruit infested and x ϭ pest density.
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